There has been a steady rise in antibiotic resistance of bacteria and this urgently calls for the discovery of alternative therapeutic agents. Honey possesses therapeutic potentials which includes antimicrobial activity. Although the antimicrobial activity of honey has been effectively established against an extensive spectrum of microorganisms, it differs depending on the type of honey. To date, not much extensive studies of the antibacterial properties of South African honeys on enteric microorganisms have been conducted. The objective of this study was to compare the antibacterial activity of extracts of six different honeys with those of medical plants commonly used in South Africa. Using a broth dilution method, the antibacterial activity extracts of six South African honeys and medicinal plants against six enteric microorganisms viz-Enterobacter cloacae, Escheriachia coli, Klebsiella pneumoniae, Citrobacter freundii isolated from geophagia samples and Aeromonas hydrophila and plesiomonas shigelloides isolated both from stool and water samples using agar well diffusion method was done. Different concentrations of honey and plant extracts were tested against each type of microorganism. Briefly, two-fold dilutions of honey solutions were tested to determine the minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) against each type of microorganism. Extracts from both South African honeys and medicinal plants showed zones of inhibition that ranged from 6.94 to 37.94 mm. The most susceptible bacteria were Escheriachia coli, Aeromonas hydrophila and Plesiomonas shigelloides. MIC and MBC values of extracts were found in the range of 0.625 to 5.000 mg/ml. Extracts of honey showed good antibacterial activity against most organisms than the standard antibiotics such as Ampicillin and Gentamycin. Honey extracts showed antibacterial activity against most microorganisms which were showing some degree of resistance to commercial antibiotics. Extracts from South African honeys and medicinal plants exhibited variable activities against different microorganisms. This result suggests that the honeys could potentially be used as an alternative therapeutic agent against certain microorganisms.
INTRODUCTION
Traditional medical practise has assumed exalted status in various communities around the world (Mathabe et al., 2006) . People living in rural areas prefer using traditional medicines for the treatment of various diseases and disorders to orthodox medicines (ref) . According to the World Health Organization (1999), an estimated 80% of people living in developing countries rely on harvested wild plants for their primary health care. Several reports on the antibacterial activities of medicinal plants against pathogenic organisms abound in literatures (Obi et al., 2003; Samie et al., 2009 Samie et al., , 2010 Eloff et al., 2005; Kaushik et al., 2009; Yasutan et al., 2009) . Furthermore, plant extracts and other natural substances have been in use as per the Indian system of medicine (Ayurveda) for the treatment of diseases requiring antimicrobial drugs. One of the popular natural antimicrobial substances described in Ayurveda as a potent medicine for several uses was honey.
Honey has been used for its medicinal properties to treat a wide variety of ailments since ancient times. In particular, it has been used in wound dressings (Molan and Cooper, 2000; Kingsley, 2001) . Honey in general has high sugar content but a low water content and acidity, which prevent microbial growth (Farouk et al., 1988; Tan et al., 2009) . Most types of honey generate hydrogen peroxide when diluted due to the activation of the enzyme glucose oxidase, which oxidizes glucose to gluconic acid and hydrogen peroxide (Bogdanov, 1984; Bang et al., 2003) . Hydrogen peroxide is the major contributor to the antimicrobial activity of honey, and the different concentrations of this compound in different honeys result in their varying antimicrobial effects (Molan, 1992) .
The bactericidal action could also be ascribed to the normal acidity of honey, its high sugar content, nitrogennous or other compounds (Radwan et al., 1974; Adeleke, 2006; Basualdo et al., 2007; Namias, 2003) . Honey can inhibit the growth of a wide range of bacteria, fungi, protozoa and viruses (Molan, 1992; Blair et al., 2005) . Microorganisms such as Staphylococcus aureus, Pseudomonas aeruginosa and Escherichia coli frequently are isolated from skin wounds (Tan et al., 2009 ). There are many reports of honey being very effective as an adjunct in the treatment of wounds, burns, skin ulcers and as an anti-inflammatory agent (Lusby, 2002) . Honey also contains various constituents such as water, carbohydrates, proteins, vitamins, amino acid, energy and minerals (Abhishek, 2010) . It is also known to cure anaemia and improves calcium fixation in infants (Heerng, 1998) and also reduces and cures eye cataracts and conjunctivitis (Ilechie et al., 2012) . The bactericidal effects of honey are reportedly dependent on concentrations of honey used and the nature of the bacteria (Adeleke, 2006) . The aim of this study therefore was to ascertain the antibacterial activities of honey in comparison to commercial antibiotics and known medicinal plants extracts.
MATERIALS AND METHODS

Collection of honey samples
Raw honey samples were collected from rural areas in the Limpopo Ramalivhana et al. 617 Province of South Africa.
Bacterial isolates
The following bacterial isolates: Enterobacter cloacae, Escherichia coli, Klebsiella pneumoniae and Citrobacter freundii were isolated from geophagic samples while Aeromonas hydrophila and Plesiomonas shigelloides were isolated from water and stool samples. The isolates were identified using a range of biochemical and morphological techniques, and the Microscan walk away automated bacterial identification instrument (McDonnell Douglas Health System Company). The isolates were stored on Protect Bacterial Preserver Beads (LabSupply Pierce) at −70°C.
Plant materials used in the study
The following medicinal plants: Carissa edulis, Erythrina lysistemon, Momordica balsamina, Psidium guajava and Ficus syscomorus were collected based on the information received from herbalists and their consorts on the basis of their effectiveness against microbial diseases. Plant parts used were leaves, bark, roots, ripe fruits, unripe fruits and twig tips. The plants were collected from their natural environment and stored in the dark at room temperature until they were dry.
Extraction of honey
Extraction of honey was performed by using methanol; 10 g of honey was placed in a centrifuge with 25 ml of solvent and then mixed well by vortexing and shaking with hands for about 30 min. This was centrifuged at 3000 rpm for 20 min at 25°C. Supernatant was collected from each centrifuged tube in a round bottom flask by filtration. The resulting supernatant was dried under nitrogen gas at a temperature of 50°C. All extracts were put in DMSO at a concentration of 100 mg/ml as the extract of honey. All the extracts dissolved in DMSO were collected in sterilized glass tubes and used within 24 h for the evaluation of bacteriostatic and bactericidal activity.
Extraction of medicinal plants
Collected plant materials were ground into fine powder using a local traditional grounding system (Musi and Mutuli, Tshivenda). Extractions were done as previously reported by Samie et al. (2010) . About, 50 g of the ground materials of each plant was extracted in 500 ml methanol under continuous shaking for 24 h. The extract was filtered through a 22 μm paper filter. The filtrate was evaporated to dryness using a rotatory evaporator at 40°C. The residues in the form of powder materials were preserved in sterile glass bottles at room temperate until further use.
Antibacterial activity test
Bacterial suspensions were done as described by Ramalivhana and Obi (2010) . Agar diffusion and micro-dilution methods were used to determine the antibacterial activity of the medicinal plant extracts against bacterial isolates. Brain heart infusion broth (BHIB) was used for the preparation of bacterial cultures. The determination of the minimum inhibitory concentrations (MICs) was done as recommended by the manufacturer's. Brain heart infusion agar *Corresponding author. E-mail: c355251@yahoo.com.
(BHIA) was used to determine the activity of the plant extracts against bacterial organisms, this was prepared according to the manufacturer's instruction.
Agar diffusion assay
Bacterial isolates were prepared to match 0.5 McFarland standards. Using the micropipette, 100 μl of organisms (BHIB or SDB) was spread over the surface of an agar plate. This procedure was the same for all test organisms. Using a sterile glass pipette, five holes were punched in each of the culture plates. One of the holes was punched in the center of the plate where 10 μl of Gentamicin was added as positive control; 10 μl of DMSO was added as a negative control in the other hole; 10 and 15 μl of the plant extracts were put in the remaining two holes. The culture plates were then incubated at 37°C for 24 h. The clear zone of inhibition around the plant extract was measured in mm. The experiments were done in triplicate.
Microdilution assay
The microdilution method was used to determine the minimum inhibitory concentrations (MICs) of the plant extracts using 96 well microtitration plates as previously described by Samie et al. (2005) . One hundred and eighty-five microliter (185 μl) of the broth was added into each well in the first row of microtitration plate and 100 μl to the rest of the wells from the second row downwards.Fifteen microliter (15 μl) of the plant extracts was then added into each well on the first row (row A), starting with the positive control (Gentamicin for bacteria and Floconazole for yeast, all the antibiotics were from MAST), followed by the negative control (the 20% DMSO used to dissolve the plant extracts) and the plant extracts in the rest of the wells on that row. A twofold serial dilution was done by mixing the contents in each well of the first row and transferring 100 μl to the second well of the same column and the same was done up to the last well of the same column and the last 100 μl from the last well was discarded. Then 100 μl of yeast suspensions was added. The results were observed after 24 h incubation at 37°C, followed by the addition of 40 μl of a 0.2% Iodo Nitro Tetrazolium (INT) solution after a further incubation of 4 h at 37°C.
Determination of minimum inhibitory concentration (MIC)
Prior to testing, each isolate was cultured from preserver beads by inoculating two beads into 9 mL of TSB and incubating for ∼16 h at 37°C. Cultures obtained were diluted with TSB to obtain 2 to 3 × 10 7 cfu/mL, the minimum to produce confluent growth at inoculation positions. The minimum inhibitory concentration (MIC) of active extract was evaluated by tube dilution method. The MICs of all the extracts were determined by dilution of the extract to various concentrations (5.000 to 0.150 mg/mL). Decreasing concentrations of methanol extracts were prepared in serial twofold dilutions using Muellar Hinton Broth (MHM). Controls were included. After an overnight incubation at 37°C, the tubes were examined for turbidity indicating the growth of the microorganisms. The lowest solution of the extract that inhibited the growth of the microorganism as detected by the lack of visual turbidity (matching the negative growth control) was designated the minimum inhibitory concentration.
Determination of minimum bactericidal concentration (MBC)
The bactericidal activities of the extracts (both honey and plant extracts) were tested as follows: the number of the bacteria in the initial microorganism suspension was counted by the surface plate method. After ascertaining the MIC, the number of bacteria was counted in each of the tubes of broth that showed no visible turbidity after overnight incubation, and was compared with the number of bacteria in the initial microorganism suspension. According to NCCLS (1997) , the lowest concentration of the extract solution that allowed less than 0.1% of the original inoculum to survive was taken to be the minimum bactericidal concentration.
Antibiotic susceptibility testing
The susceptibility of isolates to antimicrobial agents was examined by an agar diffusion method using paper disks containing the following antibiotic concentrations: Amikacin (30 μg), Ampicillin (10 μg), Gentamicin (10 μg), Cefotaxime (30 μg) and Ciprofloxacin (30 μg). Disks were purchased from Oxoid. Antimicrobial activities were interpreted according to the National Committee for Clinical Laboratory Standards (NCCLS, 1997). E. coli ATCC 25922 and P. aeruginosa ATCC 27853 were used as quality control strains.
RESULTS
In this study, we compared the MIC values of six honey extracts in comparison with the plants extracts and some commonly used antibiotics. The MBC values of honey extracts also were compared. Under visual inspection, the zones of inhibition for honey extracts ranged from 7.0 to 28.0 mm, while those for plants ranged between 7.0 mm to 29.5 mm and antibiotics from 14.5 mm to 36.0 mm (Table 1) . Honey B had the highest in vitro activity of 28.0 mm when compared with other honey extracts against A. hydrophila. This was followed by extracts of honey E and F against C. frundii with 19.0 mm and 19.5 mm zones of inhibition respectively. All the test isolates showed some degree of sensitivity to the different honey extracts as the zones of inhibition ranged from 7.0 mm in honey D extract against E. coli to 28.0 mm of honey B extract against H. hydrophila.
On the action of honey B extract against the test isolates, the highest antibacterial activity was observed against A. hydrophila with 18.5 mm zone of inhibition and lowest activity of 8.5 mm against E. cloacae (Figure 1) . Similarly, Honey B extract demon-strated the highest antimicrobial activity against A. hydrophila with 28.0 mm zone of inhibition and lowest activity of 8.0 mm zone of inhibition against E. Cloacae (Figure 2 ). Honey C extract showed the least activity as the highest zone of inhibition of 10.0 mm was observed against three of the test isolates; K. pneumonia, A. hydrophila and P. shigelloides and the lowest activity of 8.5 mm was against E. coli (Figure 3) . The lowest activity of 7.0 mm was demonstrated by honey D extract against E. coli while the highest activity of this extract was observed on A.hydrophila with a zone of inhibition of 15.5 mm ( Figure  4 ). Both extracts from honey E and F had the highest antibacterial activities of 19.0 and 19.5 mm zones of inhibition respectively against C. frundii while the lowest activity of Honey E was observed against E. cloacae and P. shigelloides with the lowest activity of honey F extract was against E. coli (Figures 5 and 6 ). Comparing the MICs of the honey extracts to those of the plants against the bacterial isolates, the MIC of all the honey extracts against Aeromonas hydrophilia was 1.25 mg/ml while for the plant extracts, 0.625 mg/ml was observed for Dodonea angeostifola and E. lysistemon respectively on the same isolate. For C. frundii, 0.625 mg/ml of extracts of honey A and E was the lowest MIC while on the same isolate the lowest MIC of 0.3125 wasnoted on extracts from D. angeostifolia and F. sycomorus respectively. The MIC of 0.625 mg/ml of honey C was the most effective against K. pneumonia while the MIC of 0.3125 mg/ml of P. guajava was the lowest of all the plant extracts. The lowest MIC of 0.625 mg/ml of the honey extracts against E. cloacae was that from honey C while those of the plant extracts of 0.625 were those of P. guajava and M. balsamina respectively on the same bacteria isolate. For E. coli, the lowest MIC 0.625 was from honey E while for the plant extracts, 0.3125 mg/ml P. guajava and E. lysistemon were noticed. Similarly, the lowest MIC of 0.625 mg/ml of honey B was noticed against P. shigelloides with a similar MIC for extracts of P. guajava and E.lysistemon as shown in Table 2 .
Comparison of the minimum bactericidal concentrations of the both the honey and plant extracts against the test isolates showed that the bactericidal activities of the honey C and E along with those of Dodonea angeostifolia Table 3 .
The lowest MIC value of 0.312 mg/ml was observed against K. pneumoniae, E. coli and C. freundii using P. guajava, F. sycomorus, D. angeostifolia and E. lysistemon extracts respectively. 
DISCUSSION
The antibacterial activities of six South African honeys and medicinal plants were investigated on some common entero pathogens isolated from geophagist and water samples. In this study, we found that extracts of different honeys and medicinal plants commonly used in South Africa has variable but broad-spectrum activities against many different species of enteric bacteria ( Figure  8 ). Lusby et al. (2005) reported that honeys other than the commercially available honeys can have equivalent antibacterial activity against some bacteria, whereas Basson and Grobler (2008) found no exceptionally high antimicrobial activity of honeys from indigenous wild flowers from South Africa. Ali et al., (1991) , reported the inhibitory effects of natural honey on Helicobacter pylori. Analysis of the inhibition of bacterial growth caused by different honey extracts revealed similarities in the pattern of inhibition exhibited by the 6 bacterial isolates tested in this study. Most bacteria showed similar growth inhibition patterns for all the six honeys tested, but some variations were detected. The observed differences might reflect how each type of bacteria reacts to honey treatment. That honey is effective in treating bacterial gastroenteritis in infants has been reported by Haffejee and Moosa (1985) . Honey was reported to be effective when used as a substitute for glucose in oral rehydration and its antibacterial activity shortened the duration of bacterial diarrhoea (Tan et al., 2009 ). In our study, the growth of bacterial species that cause gastric infections, such as C. frundii, P. shigelloides and E. coli, were inhibited by honey extracts.
Results obtained reveal the varying levels of the antibacterial activities of honey against bacterial isolates studied. The observations are consistent with the reports of Ibrahim (1985) on the bactericidal activity of aqueous solution of honey on Salmonella spp. and Shigella spp. and other enteropathogenens such as E. coli, Vibrio cholera,other Gram-negative and Gram-positive bacteria. Similarly, Allen et al. (2000) reported the antibacterial properties of honey against two laboratory isolates of P. aeruginosa and E. coli.
Our study is also in agreement with the study done by Samie et al. (2007) who reported on the activities of medicinal plants against 14 Gram negative microogranisms. Similarly, Obi et al. (2003) reported on the inhibitory properties of medicinal plants against a total number of fifty isolates of E. coli from various pathologic sources. 
Conclusion
The six honeys and plant extracts exhibited variable activities against many different microorganisms and in some cases they showed equivalent or better activities than some antibiotics. The potency of these honeys and plants against certain microorganisms suggests their potential to be used as an alternative therapeutic agent in the face of antibiotic resistance. It will also be of great advantage if they are administered together as they could have synergistic action.
